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This invention relates generally to the field of genetic engineering, 
particularly to the expression of glycoprotein products of recombinant genes, and 
more particularly lo the expression of high levels of biologically active human 
er\lhropoictin from stably transf ected cells. 

Backeround of the Invention 

The hormone erythropoietin plays a major role in regulatmg 
erythropoicsis, the formation of red blood cells, and deficiencies of erythro- 
poietin result in anemia. Detailed studies of the hormone and attempL^ at 
replncemeni therapy have been difficult due to the scarcity of purified material. 

Norma.^ production of human red biood cells requires the secretion 
oi erythropoietin oy the iddney, apparently as the mature glycoprotein. In the 
steady state this hormone circulates in the blood at a concentration of 10 to 18 
milliunits (128-230 picogrnms) per miUOiter, and with the stimulus of severe 
tissue hypoxia ioxycen deficiency) the levels may increase as much as 1000-fold. 
The elevated hormone level triggers proliferation and differentiation of e 
population of receptive stem cells in the bone marrow, stimulates hemoglobin 
SN'nthcsis in maturing erythroid cells, and accelerates release of red cells from 
the marrow into circulation, thereby increttsing the red cell mass and 
ameliorating the hypoxic conditions. Patients with deficiencies of erythro- 
poietin, such as lho?C' with chronic renal fafiure* ofien suffer severe anemia. 

EryinroDoieiin is a glycoprotein of 34-3B kd with approximatelv 
40% of it? mo'iecui!:- weight provided by carbohydrate. At least one disuL^'ide 
bridge is required for activity. Little is known about the structure of this 



hormone, ond the details of its synthesis are not weD understood. Recent 
isolations of cDNA and genomic clones provide opportunities to analyze control 
of erythropoietin production, but the expression of biologically active human 
erythropoietin in sufficient quantities for replacement therapy has not been 
achieved. 

Summary of the Invention 
Pursuant to this disclosure, biologically active human erythro- 
poietin can be expressed at high levels (at nominal titers exceeding two million 
Units per liter of supernatant) from stably transfected mammalian ceU lines. 
Thus, an abundant source of purified human erythropoietin for clinical applica- 
tions is provided. Surprisingly high expression of erythropoietin is achieved by 
transfecting host cell lines with the Apa 1 restriction fragment of the human 
erythropoietin gene. The sense strand of the Apa 1 restriction fragment has e 
nucleotide sequence corresponding to that shown in FIGURE I. 

Brief Description of the Drawings 
FIGURE 1 is a schematic representation of the subject 2426 bp 
Apa I resiriciion fragment thaV contains the human erythropoietin gene 
sequences; \ 

FIGURE 2 depicts a representative plosmid expression vector 
(pDll-Ep) that contains the 242B bp Apa I restriction fragment; and, 

FIGURE 3 depicts another expression vector (pBD-EP) carrying the 
subject Apa 1 restriction fragment. 

Detailed Description of the Preferred Embodiment 
Ir. \U-2 preferred emoadiment. a genetically engineered CDnstruction 
of the Apa i reFiriction iragmen: shown in FIGURE 1 is inserted into £ 
mammalian cxDrcssion vector, such as those shown in FIGURES 2 and 3. and 
iniroduced into mammalian cell lines to develop stably transfected cells that 
produce large amounts of biologically active human erythropoietin. The Apa ! 
restriction iraemcnt|of the human erythropoietin gene was selected to maximize 
efficient transcription of erythropoietin messenger RNA and effective transla- 
tion and post-lrcnslational modification of the RNA into mature biologically 
active erythropoietin glycoprotein. Specifically, at the 5* end of the erythro- 
poietin Ejene \\ was important to remove interfering sequences but retain 
enhancing sequonces. Introns were retained in the Apa 1 restriction fragment in 
order to include potentialiy significant enhancing sequences. At the 3* end of the 
gene some 5 untranslalec sequences were retained to optimize putaUve 
reiTJlatin:: seau?nces. The enhanced expression provided by the Ape 1 f ragmen; 
demonslralc J bv the consist en'Jv hi?h levels of ervthronoietin expression 
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Plaques which hybridized to the oligonucleotide probes were 

rescreened at lower density until pure. After initially positive phage clones were 

plaque-purified, additional sequence information for the erythropoietin gene was 

published by Jacobs et al. ( Nature 313:806-310, 1985). Oligonucleotides were 

constructed from this information and used to confirm the identity of the 

positive clones. After Eco Rl restriction enzyme digestion of the positive 

clones, insert DNA was gel-purified and ligated by standard techniques into 

pUC 13 plasmid previously restriction-digested with Eco RI. DNA sequence was 

determined by dideoxynucleotide chain termination ( Proc. Natl. Acad. Sci. USA 

74:5453-5467, 1977) using dATP (a-^^S) and the 17-mer universal primer or, in 
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selected regions, specific oligonucleotide primers- p-ATP was from ICN; 
enzymes were from New England Biolabs or Bethesda Research Laboratories. 

Approximately 4.8 X 10 bacteriophage were screened by hybrid- 
ization of replicate nitrocellulose filters. Three different clones remained 
positive through pinque purification, bsi6 the DNA insert was characterized by 
restriction mapping: and partial dideoK^'nucleotide sequencing. Two of the three 
clones contained apparently complete information for the erythropoietin gene. 
Tne restriction map and sequence for the 2426 bp Apa I fragment of these clones 
is shown in FIGURE 1 and was essentiaDy the same as that recently published by 
Jacobs et al. ( Nature 313 :806-810, 1985) for the gene for human erythropoietin. 
The low frequency of phage isolates containing the erythropoietin gene in this 
amplified library, one in approximately 2x10 bacteriophage, is consistent with 
the suggestion that erythropoietin exists as a single copy in the human genome. 
Southern blot hybridization of total human genomic DNA with the Apa I 
fragment or other restriction fragments of the erythropoietin gene indicatec 
only a single hybridizin[: band with no additional regions of highly homologous 
DKA. 

EXAMPLE 2 
Selection of the Aoa 1 restriction fragment. 

Por construction of expression vectors the Apa 1 restriction frag- 
ment of the erythropoietin gene was obtained using techniques described in Proc. 
Natl.Acad.Sci.USA 74:5453-5467, 1957, hereby incorporated by reference. 
Briefly, isolated phage DNA was digested with the restriction enzyme Apa I 
(Bethesda Research Laboratories) followed by separation on e 1% agarose gel and 
isolation by eleciroelution, phenol extraction and ethanol precipitation. Tne 
fragment was confirmed by partial sequencing as in Example 1. 

Referring to FIGURE 1, the inserted Apa 1 restriction fragment 
contained 53 bp of 5* untranslated sequences (nucleotides 0001-0058) followed by 



sequences coding for a putative 27 amino acid signal peptide, the mature protein, 
four putative intervening sequences, and 222 bp of 3' noncoding DNA sequence. 
At the 5' end of the gene the Apa 1 site is located 58 base pairs upstream from 
the ATG start codon (0058) for the protein sequence. This 5' site (0001) was 
selected to avoid a false start site just upstream from the Apa 1 restriction site 
while including putative regulatory sequences considered to be important for 
efficient ribosomol binding and processing. The Apa I site at the 3^ end (2426) 
v;as selected to include putative processing signals in most of the 3* untranslated 
sequences while removing further downstream sequences. The complete er\lhro- 
poietin gene, including intron sequences, was used in order to include potential 
rcc:ulatory or enhancing sequences located in introns that might contribute to 
erythropoietin gene expression or protein modification and secretion. 

EXAMPLE 3 

Construction of expression plasmids carrying the Apg 1 restriction fraement. 

The 242G bp Apa 1 restriction fragment containing the intact 
human erythropoietin gene was inserted into two expression vectors, the pD-11 
and pBD constructs, each of which is based on a different mammalian promoter. 

The plasmid expression vector pDll v;as derived from a previously 
described plasmid ( Nucleic Acids Research 131:841-857, 1985, expressly 
incorporoted herein by reference) and contained the simian virus 40 (SV-40) 
enhancer sequence^: and origin of replication as well as the adenovirus-2 major 
late promoter and tripartite leader sequences. The Apa I fragment of human 
erythropoietin genomic sequences (FIGURE 1) was gel-purified, and single 
stranded end? were filJcd in by tref-tment with T4 DNA polymerase. Bam HI 
linkers were ligated to both biun- ends, and the construct was inserted into £ 
unique B-Bam HI restriction site of pDll in order to direct transcription of the 
eryfnropoietin gene from a strong promoter. 

The structure of the resulting expression plasmid pDll-Ep carrying 
the ApB 1 fragment (Ep) is depicted in FIGURE 2. The plasmid pDll contains 350 
bp of the adenovirus left-terminus (0-1), the origin and enhancer sequences from 
S\'-40 (E), the adenovirus major late promoter (MLP), the adenovirus-2 tripartite 
leader (LI -3) and third leader 5' splice site (5' ss), an immunoglobulin 3' splice 
site (3' ss), and the late SV-40 poiyadenylation signal (pA) in the Eco RI (RI) 
rci>!riction site of pML. Recombinant plasmids were cloned in E. coli HBlOl and 
purified by isopycnlc centrLf ugation in cesium cWoride. The expression plasmid 
pDll-Ep is approximatdy 6500 bp in length. The construction was confirmed by 
restriction miipping and partial dideoxynueleotide sequencing. 
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pBD contains the MT-I promoter sequence (Glanville, Durham 
& Palmiter, Nature 292:267-269, 1981, expressly incorporated herein by 
reference) and a DHFR selectable marker sequence carried in pUC plasmid. 
Referring to FIGURE 3, the 2426 bp Apa I restriction fragment (EP) was inserted 
5 into a unique Sma I restriction site in pBD to make expression plasmid pBD-EP, 
The DHFR sequence in pBD-EP was associated with origin and enhancer 
sequences from SV40 and with Hepatitis B Surface Antigen polyadenylation 
sequences. pBD-EP was processed essentiaUy as described above for pDll-EP. 

While plasmid vectors were used in these confirming experiments, 
10 it is contemplated that viral or retroviral expression vectors can likewise be used 
to introduce the Apa I erythropoietin genJ fragment into host cell lines. Suitable 
DNA viruses for this purpose would include adenovirus or BPV (Bovine Papilloma 
Virus). Suitable retroviral vectors are also known and available. It is understood 
that such a retroviral (RNA) vector would carry the anti-sense strand of the 
v3 15 Apa 1 restriction fragment, that is, one having a sequence corresponding to the 

zZ RNA transcribed from the sense strand shown in FIGURE 1 or to an allele 

C3 thereof. The retroviral vector would also include sequences for trans -acting 

J;! factors required for reverse transcription of the viral genome and integration of 

_ the DNA form of the virus into the host genome. 

H 20 EXAMPLE 4 

12 Transfection of mammalian cells. 

C3 Each of tv;o mammalian cell lines were transfected with each of 

J;^ the pDll-EP and pBD-EP constructs. Mammalian cell lines, COS-7 (monkey 

kidney) and BHK (baby hamster kidney), were maintained in Dulbecco's modified 
25 essential medium containing 10% fetal calf serum. Cells were passaged and 
when 50-70% confluent were transfected by the calcium phosphate method 
(Virologv 52:456-467, 1973). BHK derives from kidney epithelial .cells, generaUy 
regarded as the most likely cell that produces erythropoietin in the natural state 
when a mammal is anemic or hypoxic. Thus, these cells might recognize critical 
30 regulator\» sequences in the Apa I fragment of the erythropoietin gene, and then 
effectively process and produce the erythropoietin glycoprotein. 

For transient expression of cells in a 100 mm culture dish a total of 
20 pg DNA was used: 10 pg of pDll-EP plasmid containing the erythropoietin 
gene and 10 pg of carrier salmon sperm DNA. After 48 hours the supernatant 
35 was collected, centrifuged at 400 g for 10 minutes to remove cells and debris, 
and frozen at -20^C. Tne ceUs were harvested separately. Tne results of 
transfections with pDll-EP alone for transient expression are shown in Table 1. 
Data ere from 3 c>x>eriments for each ceD type. 



TABLE 1 
Erxlbropoietin per ml of culture 
Mammalian cells Micrograms protein Units (in vitro bioassay) 

BHK 3.4+0.2 270+16 

COS-7 3.2+0.4 . 255+32 



The observed levels of erythropoietin secreted into the supernatant 
of either the COS-7 or BHK mammalian cell lines were approximately 80 times 
higher than those previously reported for transient expression of a cDNA coding 
for erythropoietin or for transient ex^iression of other constructs using intact 
10 erythropoietin genes. 1 

To establish stable cell lines producing high levels of erythro- 
poietin, either COS-7 or BHK cells were cotransiected with the pDll-Ep plosmid 
and pDHFR-la, a plasmid containing a cDNA for dihydrofolate reductase in a 
similar mammalian expression vector. The transfection procedure was modified 
^2 15 so that 5vig of pDll-Ep plasmid, 5 yg of pDHFR-la plasmid, and 10 yg of 

Q carrier DNA were coiransfected. After additional incubation for 18-24 hours, 

^\ var\ing concentrations of methotrexate (10 nM to 1 mM) were added to the 

ty 

J cultures. Cells that incorporated the DHFR gene would be viable in the 

H selective medium. After incubation for several more days, viable colonies 

J^^ 20 resistant to methotrexate were isolated, passaged and screened for the presence 

p of erythropoietin bioactivity in the supernatant. Approximately half of the 

methotrexate-resistant colonies that were assayed secreted detectable erythro- 

p'"^ ... 

poietin activity. 

To establish stable cell lines \\nth the expression vector pBD-EP, 
25 BHK cells were iransfected by the calcium phosphate method. After 18-24 
hours, these cultures were subjected to concentrations of methotrexate varying 
from 1 u M up to 1 mM. After incubation for several more dai.'s, viable colonies 
resistant to these relatively high levels of methotrexate were isolated, passaged 
and screened. In this series, all of the methotrexate-resistant colonies that were 
30 assayed secreted detectable erythropoietin activity. 

In order to optimize the expression of the transcriptional unit 
containing the erythropoietin gene and the DHFR gene, BHK cell lines containing 
either pBD-Ep or pDll-Ep end secreting high levels of erythropoietin were 
passaged several times into increasing concentrations of methotrexate ( Nature 
35 31G :271-273y 1985). However, rather than a gradual increase in the selective 
pressure on the cell lines by small incremental steps in the concentration of 
methotrexate, the cells were immediately challenged with very high levels of 
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methotrexate (i.e., 1 mM). Only a few cells survived, but those cells would have 
incorporated the plasmid construction into a region of DNA particularly advan- 
tageous for expression (a so-called "hot spot") and/or would have many copies of 
the constructed transcriptional unit. Thus, the highest producing cell lines were 
selected in one step. Cell lines (including F 7.2 and S 5.2 listed in Table 2) were 
considered stable if erythropoietin production remained high for more than 15 
passages in the absence of methotrexate selective pressure. 

Amounts of erythropoietin activity in the cell pellets could not be 
determined due lo the presence of significant inhibitors of the assay in the ceU 
extracts. Consequently, the results shown in Table 2 do not analyze the 
intraceUular levels of erythropoietin protein but rather the amount of erythro- 
poietin protein produced and secreted into the supernatant by the ceU lines. 

TABLE 2 

Expression of Recombinant Erythropoietin From 
15 Stably Transfected BHK CeU Lines 

Erythropoietin per ml of supernatant 
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Micrograms protein 


Units (in vitro t 
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F 1.1 


12.4 


970 


• 20 


F 3.4 


32.0 


2500 




'F 6.1 


79.6 


6210 




F 7.2 


84.1 


6728 




dD1]-EP 








S 1.2 


6.4 


500 


25 


S 2.4 


64.2 


5000 




S 5.2 


82.1 


6400 



The observed amounts of erythropoietin secretion correspond to nominal rates of 
up to almost seven million Units per liter. Such nominal rates are determined by 
multiplying the observed yield per ml by one thousand to give an anticipated 
scaled-up production yield per liter. 

Tne observed amounts of erythropoietin secretion using the Apa I 
fragment were on the order of 300 times greater than those previously reported 
(Lin et al., Proc.Natl.Acad.Sci.USA 82:7580-7584, Nov. 1985) for a stably 
35 trajisformed CHO cell line containing a different genomic fragment of the 
human erythropoietin gene. 



Control experiments for these transfection assays included super- 
natants from nontransfected cells and parallel cultures of cells transfected with 
plasmids containing DNA encoding other proteins, including bacterial 
chloramphenicol acetyl transferase and human coagulation protein, factor IX. 
None of the control cultures, mock transf ections, or cultured cells transfected 
with other genes had detectable erythropoietin activity. It was also noted in the 
above series of experiments with the erythropoietin gene that the levels of 
expression obtained for selected cell lines were not related to whether the 
selectable marker was cotransfected along with the erythropoietin gene or was 
inserted into the Apa I fragment-containing plasmid prior to transfection (data 
not shown). ^ 

Other representative transfection methods suitable for practicing 
this invention include DEAE-dextran mediated transfection techniques, lysozyme 
fusion or erythrocyte fusion, scraping, direct uptake, osmotic or sucrose shock, 
direct microinjection, indirect microinjection such as via erythrocyte-mediated 
techniques, and/or by subjecting the host cells to electric currents. By 
transfection is meant the transfer of genetic information, and specifically the 
information encoded by the Apa I restriction fragment of a human erythropoietin 
gene, to a ceD using isolated DNA, RNA, or synthetic nucleotide polymer. The 
above list of transfection techniques is not considered to be exhaustive, as other 
procedures for introducing genetic information into ceUs will no doubt be 
developed. The Apa I restriction fragment will typically be operably linked 
(ligated) to other nucleic acid sequences such as promoter, enhancer, and 
polvRdenylntion sequences, prior lo transfection. While host cell lines of 
mammalian origin are described, and kidney epithelial cells are considered to be 
particularly preferred, it is contemplated that other eukaryotic as well as 
prokaryotic (bacteria or yeast) host cell lines can be employed in the practice of 
this invention: very recent introductions of mammalian genes into plant cells 
offer the potential for cmplo\ing plant or algal cells as well. 

EXAMPLE 5 

ErythroDoietin expression from transfected cell lines. 

The recombinant erythropoietin protein secreted into the super- 
natant of the transfected cell lines was biologically active, and large amounts of 
the hormone were secreted: up to 7000 units per milliliter. 

The in vitro essay for erythropoietin biological activity was based 
on the formation of erythroid colonies (from CFU-E; erj'throid colon\^f orming 
ccDs) in cultures of mouse bone marrow cells in plasma clot ( Blood Cells 4:89- 
103, 1978). The sensitivity of this assay is about 5 milli units/ ml. The 
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erythropoietin used as the standard for assay was a partially purified preparation 
from plasma from anemic sheep (Connaught, Step 3 Ep, Lot 3026). Supernatants 
were assayed from passaged cell lines grown for 24 hours in fresh medium 
without methotrexate- The supernatant was diluted 1:200 with medium, and 
5 amounts between 1 and 10 microliters were added per milliliter of assay culture 
containing 2x10^ marrow cells, 10% bovine citrated plasma, 20% fetal calf 
serum, 1% bovine serum albumin, and 1.6% beef embryo extract (Gibco)- After 
incubation for 36 to 48 hours the plasma clots were fixed on microscope slides, 
stained with benzidine for hemoglobin, and erythroid colonies were enumerated. 
10 In the absence of added erythropoietin, no CFU-E-derived colonies were 
detected. Optimal erythroid colony grojwth (100-150 CFU-E detected per 
2 X lO'* marrow cells) was observed routinely with 50 mU (0.64 nanograms) 
erythropoietin per ml of culture. Large amounts of erythropoietin hormones 
^3 were secreted into the supernatant of the transfected cell lines* see Tables 1 and 

J| * 15 2> to 7000 units per milliliter. Assuming the recombinant erythropoietin has a 
N specific activity equivalent to that of natural erythropoietin (78,000 units per mg 

protein), the biological assay corresponds to approximately 80 ug of erythro- 
fp poietin protein per milliter. 

^ In addition, supernatants from selected cell lines were assayed for 

20 immunologicaDy reactive erythropoietin by competitive radioimmunoassay using 
Q a polwalent anti-human-erythropoietin rabbit anti-serum ( J. Cell. Physiol. 

5==^ 118 ;87-96, 1984). T^e amount of protein measured by the radioimmunoassay was 

C3 equivalent to the protein leve] estimated by the biological assay. These data 

indicate that the transfected cell lines expressed and secreted erythropoietin 
25 protein that was greater than 98% active. 

Tne recombinant erythropoietin produced by the transfected cells 
was further characterized to demonstrate that these cells were secreting 
authentic hormone. Selected ceU lines were assayed for in vivo erythropoietin 
activity in exhypoxic polycythemic mice ( Nature 191;1069-1087, 1961). Super- 
30 natants secreted from the cell lines had potent in vivo biological activity when 
assayed in the exh>^oxic polycythemic mouse. In experiments using partially 
purified native erythropoietin, it had been noted previously that neuraminidase 
treatment completely abrogated erythropoietin activity when assayed in the 
intact animal ( J.Biol.Chem. 247:5159-5160, 1958). The loss of activity pre- 
35 sumably was due to increased clearance by the liver of the desialated hormone 
since neuraminidsLse-treateo erythropoietin remained fuUy active in vitro . The 
observation of potent in vjvo biological activity indicates that the transfected 



-II- 



"ammalian cell lines appropriately add carbohydrate and th, , ■ , 
..as to the erythropoietin protein dorin. Post-trJnslaLTl ."n'::: 

vuro .i„,o,ier, m:Trr' °' "'*'*°"«" 

.ansreeted eer;„::~': ''IT °' 

progenitor eells Re ll ™ "'^^ 

e ceils. Recombinant erythropoietin «as assayed for its err.« 

™a=ropha,e pr cZ MCPuti' T' '""'"^ 

Prufv, ~r - ' ^' J-CeU.Phvsiol. 118:87-96 1984^ 

Ervthroid stem opiic ov^ik:. j — -=-i'"' i3o4J. 

erythropoietin the ^ J /jr'r""" '^--^ '» 

15 natnrn. erythropoietin. He .her CPU 0. " ""^ 
lilerative response to ^ k P"- 

"unitspcr„,,,,L::;~~^^ " - - 
..0. the nor!;:: '"-"-^ — 

20 eryu,ropole.i„ ou ifLTC "-"T"'"'" ='--»P^oresed identically to 
mierohe.ero.e„ , 0, , °' ""^ Similar 

....denticai^oie:::::.;:^,;;;"'^""' — 

prelerrod embl'I'L'!;:'':::"' T'":'-"" ~ "">' 

.PeCiction bT b"l ,0 „ , -^'-^ 
and other alter.ti L o the °' ''"'™>»'». 

limited onlv bv ,! T' ■ " """"" be 

onl> b. ,h= de„n,t,o„ contained in the appended claims and eooivalents 



The embodiments of the invention in which an exclusive property 
or privilege is claimed are defined as follows: 



l\ Substantially pure DNA or RNA consisting essentially of 
nucleotide sequ^ce corresponding to the Apa I restriction fragment of a human 
erythropoietin gel^e. 

/ 

2. ^The DNA or RNA of Claim 1 wherein the Apa I restriction 
fragment consists essentially of the nucleotide sequence of either the sense 
strand shown in F1GUR>^ 1 or the complementary RNA sequence thereof. 

/ 

3. Tlie fcNA or RNA sequence of Claim 1 operably linked to a 
second nucleic acid sequenae capable of effecting repression thereof. 

4. The DnA or RNA of Claim 3 wherein the second nucleic 
acid sequence is selected frofn one or more of the foDowing: promoter 
sequences, enhancer sequencesApolv^xs^ylation sequences, selectable marker 
sequences, plasmids, viral and 9^roviraJ\ expression vectors, and retroviral 
trans-acting factors. 

\. 

5. Cells cofeMinin^ tJhe DNAia^RNA of Claim 3. 



G. CeUs stebMjtp^fe with\the DNA or RNA of Claim 3. 

Celis of Cmlm 5 selected f^m the group consisting of 
eukaryotic cells, yeast, end bactema. 

8. Cells of Claim 7 wherein\the eukaryotic cells are of kidney 

origin. 

9. Cells of Claim 8 wherein ^e kidney cells are epithelial 

cells. 




10. A method of expressing recombinant biologically active 
human erythropoietin comprising the steps of transfecting a host cell line with 
DNA, RNA, or nucleotide sequence consisting essentially of the Apa 1 restriction 
fragment of a human erythropoietin gene, contacting the transfected cells with 
culture medium to permit the cells to express erythropoietin, and recovering the 
expressed erythropoietin. 

/ ' 

11. The method of Claim 10 wherein the Apa 1 restriction 
fragment is carried on a plasmid or virus. 

12. Tlie method of Clailn 10 wherein the host cell line is 
selected from the group consisting of eukaryotic cells, yeast, and bacteria. 

13. In a method of ex-pressing recombinant biologically active 
human erythropoietin from a cell line in contact v/ith an incubating medium, the 
improvement which comprises incorporating in said method a cell line capable of 
permitting a yield of erythropoietin in the incubating medium, said cell line 
having been produced by transfecting a host ceil line with DNA, RNA, or 
nucleotide sequence consisting essentiaUy of the Apa 1 restriction fragment of a 
human erythropoietin gene. 

14. The method of ex-pressing recombinant biologically active 
human erythropoietin from a^/ceU line in contact with an incubating medium in 
accordance with Claim 13, wherein said ceD line is capable of permitting a 
nominal yield of et least two miUion Units of erythropoietin per liter of 
incubating medium. 

15. Tne method of Claim 13 wherein said Apa I restriction 
fragment is carried on a plasmid. 

IG. Tne method of Claim 13 wherein said Apa I restriction 
fragment is carried on a virus. 

17. Tne method of Claim 13 wherein the host cell line is 
selected from the group consisting of eukaryotic cells, yeast, and bacteria. 

0-^ / 



